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(54) METHOD AND APPARATUS FOR EXPANDING EXPANDABLE VINYLIDENE CHLORIDE 
RESIN PARTICLE 

(57)Abstract: 

PURPOSE: To obtain high-expansion-ratio expanded 
particles having a stable cellular structure within short 
time by a simple apparatus by expanding specified 
expandable resin particles with hot air from an electrical 
hot air generator under specified conditions. 
CONSTITUTION: Expandable particles of a vinylidene 
chloride resin having a partially crosslinked structure 
(e.g. particles prepared by impregnating resin particles 
made from vinylidene chloride, styrene, acrylonitrile, N- 
phenylmaleimide and 1 ,6-hexanediol diacrylate with a 
monochlorodifluoroethane blowing agent) are expanded 
with hot air from an electrical hot air generator under 
conditions in which the temperature of the hot air in the 
expansion tank 6 is 100-300° C, and the residence time 
is 0.1-60min. In a desirable example, the apparatus for 
expansion consists of a hot air generator 1, a heat- 
resistant hose 2 for supplying hot air and an expansion 
tank 6 having a feed supply part 7 and expanded particle 
discharge part 10. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The foaming approach characterized by becoming the multi-foam quality structure 
where are the approach of foaming to the vinylidene-chloride system resin fizz particle which 
has the partial structure of cross linkage by the hot blast by the electric-type hot blast 
generating machine, and the foaming particle which the temperature of the hot blast in a foaming 
tub foams below 100 degrees C or more 300 degrees C, and the residence time makes foam in 
60 or less minutes 0.1 minutes or more was stabilized. 

[Claim 2] Equipment to which the vinylidene-chloride system resin fizz particle which consists of 
foaming tubs with the hot blast generating machine which generates 100-degree-C or more hot 
blast 300 degrees C or less, the heat-resistant hose which supplies this hot blast, the feeding 
section, and the foaming particle discharge section is made to foam. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the method of being spots, such as a civil work, 
and manufacturing a foaming particle easily that the foaming particle of the high expansion ratio 
in a short time is needed by still more detailed simple equipment, and its equipment, about the 
foaming approach of the fizz vinylidene-chloride system resin particle which makes hot blast by 
the electric-type hot blast generating machine the source of heating. 
[0002] 

[Description of the Prior Art] Conventionally, as the foaming approach of the fizz resin particle in 
the spot for which a foaming particle is needed, the approach of making a steam the source of 
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heating by the polystyrene system resin particle is learned as indicated by JP,35-1 1780,B and 
JP, 38-1 6776, B. However, since polystyrene system resin be lacking in gas barrier nature, if 
heating time in a steam or hot blast be lengthen too much, by the vaporization to the particle 
exterior of a foaming agent, contraction of a foaming particle take place, the phenomenon in 
which expansion ratio fall conversely arise, and control of expansion ratio be difficult for 
expandable polystyrene system resin as indicate by Chapter 2 of a form handbook ( the Nikkan 
Kogyo Shimbun issue, February 28, Showa 48 first edition). 

[0003] In order not to reduce the expansion ratio of polystyrene system resin and to carry out a 
permutation with the air of foaming gas in fact, in foaming in place, equipment becomes large- 
scale and actuation also becomes complicated. Moreover, as long as a steam is made into the 
source of heating, steamy generating etc. needs to be furnished, therefore equipment is enlarged, 
and a heavy-duty truck etc. is needed for equipment carrying in at the spot for which a foaming 
particle is needed, for example, it is not put in practical use in a civil work site. 
[0004] 

[Problem(s) to be Solved by the Invention] The purposes of this invention are spots, such as a 
civil work for which a foaming particle is needed by the simple equipment which makes hot blast 
by the electric-type hot blast generating machine the source of heating, and are offering the 
manufacture approach and a manufacturing installation effective in the manufacture approach for 
the foaming particle of the high expansion ratio in a short time. 
[0005] 

[Means for Solving the Problem] This invention is the approach of foaming to the vinylidene- 
chloride system resin fizz particle which has the partial structure of cross linkage by the hot 
blast by the electric-type hot blast generating machine, and is the foaming approach 
characterized by becoming the multi-foam quality structure where the foaming particle which the 
temperature of the hot blast in a foaming tub foams below 100 degrees C or more 300 degrees 
C, and the residence time makes foam in 60 or less minutes 0.1 minutes or more was stabilized. 
[0006] Moreover, this invention is equipment to which the vinylidene-chloride system resin fizz 
particle which consists of foaming tubs with the hot blast generating machine which generates 
1 00-degree-C or more hot blast 300 degrees C or less, the heat-resistant hose which supplies 
this hot blast, the feeding section, and the foaming particle discharge section is made to foam. 
This invention can be attained by using the vinylidene-chloride system resin fizz particle which 
serves as multi-foam quality structure which the foaming particle stabilized as a fizz resin 
particle. 

[0007] Vinylidene-chloride system resin is resin excellent in gas barrier nature. Therefore, there 
is that the foaming agent inside a particle vaporizes [ little ] at the time of foaming, and since 
there is nothing that is seen when an expandable polystyrene system resin particle is used as a 
fizz resin particle and in which a foaming agent vaporizes rapidly like, even if it protracts heating 
time, contraction of a foaming particle is made into the multi-foam quality structure which 
stabilized the foaming particle without happening, and can carry out things. For this reason, it is 
easy equipment which makes hot blast by the electric-type hot blast generating machine the 
source of heating, and it is the spot of the engineering-works site for which a foaming particle is 
needed, and it is possible to manufacture the foaming particle of the high expansion ratio in a 
short time. 

[0008] An electric-type hot blast generating machine is comparatively easy to adjust the 
temperature of hot blast, and airflow, and as for vinylidene-chloride system resin, there is that 
the foaming agent inside a particle vaporizes [ little ] at the time of foaming, and its adjustment 
of foaming also with simple equipment is easy also for saying to it. The fizz vinylidene-chloride 
system resin particle used for this invention is indicated by JP,63~1 22745,A, JP, 63-1 2271 3,A, 
JP,04-085343,A, etc. 

[0009] That is, a foaming agent is sunk into the whole resin layer at homogeneity at the 
amorphous vinylidene-chloride system resin particle which carried out partial bridge formation. 
An amorphous vinylidene-chloride system resin particle can be obtained by copolymerizing 10 % 
of the weight or more and 85% of the weight or less of a vinylidene chloride with 1 5 % of the 
weight or more and 90% of the weight or less of vinylidene chlorides [ one or more kinds of], and 
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a copolymerizable monomer. Gas barrier nature falls that the content of a vinylidene chloride is 
less than 10 % of the weight, and vaporization of the foaming agent at the time of foaming cannot 
be prevented. On the other hand, if it exceeds 85 % of the weight, resin will serve as crystallinity 
and sinking [ of a foaming agent ] in will become difficult. 

[0010] As a vinylidene chloride and a copolymerizable monomer, N-permutation maleimide, such 
as acrylic ester (meta), such as AKURIRONIRO (meta) nitril, styrene and its derivative, and a 
methyl acrylate (meta), and N-phenyl maleimide, can be mentioned. Furthermore, the stability of 
multi-foam quality structure increases by carrying out partial bridge formation. What is 
necessary is just to carry out suitable amount copolymerization of the monomer which has two 
copolymeric double bonds, such as a divinylbenzene and methacrylic acid ester of aliphatic 
series polyhydric alcohol, in intramolecular, in order to introduce partial bridge formation. 
[0011] Although well-known polymerization methods, such as a suspension-polymerization 
method, an emulsion-polymerization method, and a solution polymerization method, can be used 
for the polymerization method of this vinylidene-chloride system resin particle, its suspension- 
polymerization method for the ability to obtain a polymer by the shape of a particle is desirable. 
As particle diameter, it is desirable that it is [ 0.1mm or more ] 5.0mm or less. In less than 
0.1 mm, if the fluidity of a particle worsens and it exceeds 5.0mm preferably on handling, the 
impregnating ability of a foaming agent will fall. 

[001 2] In order to attain the purpose of this invention, it is required for a fizz vinylidene- 
chloride-resin particle to serve as multi-foam quality structure stabilized at the time of foaming. 
In order to consider as multi-foam quality structure, it is required to sink a foaming agent into 
the whole resin layer at homogeneity. Since it becomes single air bubbles at the time of foaming, 
it becomes easy to contract, and a foaming agent cannot be made to foam only under a certain 
certain narrow conditions in endocyst and the encapsulated thing. Foaming under broad 
conditions is attained for the first time by becoming multi-foam quality structure, the same — 
even if it is a fizz vinylidene-chloride system resin particle, thermoplastics, such as vinylidene- 
chloride-acrylonitrile, is used as an outer core, and since a foaming particle serves as single air 
bubbles at the time of foaming, endocyst and the encapsulated fizz particle (for example, the 
trade name of EXPANCEL, the product made from Japanese FIRAITO, Inc.) can foam to a 
foaming agent only under certain conditions. 

[0013] As an approach for sinking a foaming agent into homogeneity at the whole resin layer, the 
underwater suspension method which adds a foaming agent for this resin particle and a foaming 
agent to the water slurry of the shape of a gas, the direct sinking-in method it is liquid and make 
it contact directly, and a resin particle, the polymerization sinking-in method make the foaming 
agent live together at the time of a polymerization, etc. can be used for a vinylidene-chloride 
system resin particle. In order for a foaming agent to check sinking into the whole resin layer at 
homogeneity, distribution of the foaming agent in a resin particle can be investigated by the 
infrared spectrophotometer, an elemental-analysis method, etc. 

[0014] As a foaming agent, HFC, such as HCFCs;1 [, such as halogenated hydrocarbon; 
monochlorodifluoroethane (HCFC142b), ], such as hydrocarbons; methyl chlorides, such as a 
propane, butane, a pentane, and a cyclopentane, and an ethyl chloride, 1 and 1, and 2-tetrafluoro 
ethane (HFC134a), can be used, for example. In this invention, 100 degrees C or more 300 
degrees C or less of hot blast temperature are desirable. When hot blast temperature is less 
than 100 degrees C, expansion ratio is not enough, and when exceeding 300 degrees C, a 
foaming resin particle pyrolyzes. 

[0015] Moreover, in this invention, the residence time of the resin particle exposed to hot blast 
has 60 or less desirable minutes 0.1 minutes or more. When the residence time is less than 0.1 
minutes, expansion ratio is not enough, and when exceeding 60 minutes, a foaming particle 
pyrolyzes. The pre-expansion vinylidene-chloride system resin particle which the non-foamed 
vinylidene-chloride system resin particle could be made to foam directly, and was made to foam 
beforehand may be made to foam further in this invention. 

[0016] Drawing 1 is a mimetic diagram which illustrates simple foaming equipment effective in 
achievement of the manufacture approach of this invention. The electric-type hot blast 
generating machine (1) is marketed by the trade name (Made in the Taketsuna Factory) of for 
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example, a TSK-10 mold hot blast generating machine. The generated hot blast lets a heat- 
resistant hose (2) pass, and is ventilated by the foaming tub (6). The temperature controller of a 
hot blast generating machine is adjusted so that the hot blast temperature ventilated in a 
foaming tub may be measured and hot blast temperature may turn into predetermined 
temperature with a thermometric element (3). A fizz vinylidene-chloride system resin particle is 
supplied in a foaming tub with through and a screw (9), and the raw material hopper of (7) is 
made to foam by hot blast. The foaming particle which became small [ specific gravity ] is 
discharged by hot blast from an exhaust port (10). The hot blast rate in the foaming tub upper 
part performs adjustment of the expansion ratio of the foaming particle discharged. That is, if a 
hot blast rate is gathered, expansion ratio will become small, and expansion ratio will become 
large if a hot blast rate is lowered. 

[0017] Since it may ignite when a foaming agent is inflammable gas, it is required to operate it 
out of the explosion limit by taking the measure in which the hot blast in a foaming tub prevents 
a back flow to a hot blast generating machine, or adjusting the blast weight and the discharge of 
hot blast. Since the point vinylidene-chloride system resin is excellent in gas barrier nature, the 
range which chooses the outside of the explosion limit is wide. Moreover, in order to prevent the 
welding of the particles within a hot blast tub, inorganic, organic fine particles, etc. can be made 
to be placed between particle front faces. 
[0018] 

[Example 1] By the suspension-polymerization method, the vinylidene-chloride system resin 
particle which consists of 50 % of the weight of vinylidene chlorides, 23 % of the weight of 
styrene, 20 % of the weight of acrylonitrile, 6.93 % of the weight of N-phenyl maleimide, and 0.07 
% of the weight of 1 ,6-hexanediol diacrylate and which carried out partial bridge formation was 
obtained. Sinking-in processing was performed for HCFC142b at 60 degrees C to this particle for 
24 hours. The content of obtained HCFC142b in a fizz vinylidene-chloride system resin particle 
was 10.3 % of the weight. 

[0019] The raw material particle which mixed 2 weight sections for the magnesium carbonate 
was supplied to the raw material hopper of the simple foaming equipment illustrated to drawing 1 
to this fizz vinylidene-chloride system resin particle 100 weight section, and the hot blast 
temperature in the foaming section was beforehand supplied continuously at the rate of 80 (a 
part for g/) on the screw in the foaming tub adjusted to 1 50 degrees C. The hot blast rate in the 
foaming tub upper part at this time was 350 (a part for m/). 

[0020] From the exhaust port, the foaming particle it is 31 times whose expansion ratio of this 
was discharged by 80 (a part for g/). The foaming particle was not contracted but the interior of 
a particle had become multi-foam quality structure. Moreover, the amount of HCFC142b in a 
foaming particle is 10.0%, and is almost the same as the content in the particle before foaming, 
and the vaporization of the foaming agent at the time of foaming was not seen. 
[0021] 

[Example 2] The foaming particle was obtained like the example 1 except making hot blast 
temperature in the foaming section into 180 degrees C. The elimination rate of the foaming 
particle from an exhaust port was 80 (a part for g/), and it was 45 times the expansion ratio of 
this. The foaming particle was not contracted but the interior of a particle had become multi- 
foam quality structure. Moreover, the amount of HCFC142b in a foaming particle is 9.8%, and is 
almost the same as the content in the particle before foaming, and the vaporization of the 
foaming agent at the time of foaming was not seen. 
[0022] 

[Example 3] 60 degrees C sank into the pentane the vinylidene-chloride system resin particle 
which was obtained by the approach of an example 1 and which carried out partial bridge 
formation for 24 hours. The content of the pentane in the obtained vinylidene-chloride system 
resin fizz particle was 9.5 % of the weight. This vinylidene-chloride system resin fizz particle was 
made to foam by the same approach as an example 2. 

[0023] The elimination rate of the foaming particle from an exhaust port was 80 (a part for g/), 
and it was 41 times the expansion ratio of this. The foaming particle was not contracted but the 
interior of a particle had become multi-foam quality structure. Moreover, the amount of pentanes 
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in a foaming particle is 9.4%, and is almost the same as the content in the particle before 
foaming, and the vaporization of the foaming agent at the time of foaming was not seen. 
[0024] 

[The example 1 of a comparison] The foaming particle was obtained like the example 1 except 
using the expandable polystyrene resin which contains butane 5.9% as a fizz resin particle. The 
elimination rate of the foaming particle from an exhaust port was as small as 30 (a part for g/), 
the foaming particle was contracted and expansion ratio was as small as 8 times. Moreover, the 
amount of butane in a foaming particle is 1.2%, and the foaming agent had vaporized at the time 
of foaming. 
[0025] 

[The example 2 of a comparison] The foaming particle was obtained like the example 2 except 
using the expandable polystyrene resin which contains butane 5.9% as a fizz resin particle. The 
elimination rate of the foaming particle from an exhaust port was as small as 20 (a part for g/), 
the foaming particle was contracted and expansion ratio was as small as 5 times. Moreover, the 
amount of butane in a foaming agent is 0.7%, and the foaming agent had vaporized at the time of 
foaming. 
[0026] 

[The example 3 of a comparison] As a fizz resin particle, the vinylidene-chloride system 
copolymer was used as the outer core, and the foaming particle was obtained like the example 1 
except using endocyst and the fizz vinylidene-chloride system resin (the trade name of 
EXPANCEL-461 DU, product made from Japanese FIRAITO, Inc.) currently encapsulated for 
butane 8.9%. 

[0027] The elimination rate of the foaming particle from an exhaust port was as small as 20 (a 
part for g/), the foaming particle was contracted and expansion ratio was as small as 9 times. 
[0028] 

[Effect of the Invention] According to this invention, a foaming particle can be easily 
manufactured at spots for which the foaming particle of the high expansion ratio in a short time 
is needed, such as a civil work, with the simple equipment which makes hot blast by the electric- 
type hot blast generating machine the source of heating. 



[Translation done.] 
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3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] In order to attain the manufacture approach of this invention, it is the mimetic 
diagram which illustrates effective equipment. 
[Description of Notations] 

1 Electric-Type Hot Blast Generating Machine 

2 Heat-resistant Hose (50MmPhi, 1500MmL) 

3 Thermometric Element 

4 Temperature Element 



file://C:¥Documents and Settings¥jmori¥My Documents¥JPOEn¥JP-A-H08-21 79... 2006/05/31 



JP-A-H08-217905 



7/7 V 



5 Screen (200 Meshes) 

6 Foaming Tub (20L) 

7 Raw Material Hopper (1 L) 

8 Rotation Driving Source 

9 Screw 

1 0 Exhaust Port 



[Translation done.] 
* NOTICES * 
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DRAWINGS 



[ Drawin g 1] 




[Translation done.] 
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mmn^coffimmm bo. 1 $wa± 6 0 swar***?* l- 
i». MSimwo. i^*s©b$«, fsatt^+^-r? 

Bft<, 6 0 SBtSEKT-jWK^JWrS. 
Tfs^icte^T B, sfclKSatffcfcr- y ^^WJWfrF-* 

faiaitK'-=- y f^jRWJHfr?-* s 6fcf6rS3 trc fem 50 



!f#M¥ 8-2 1 7 9 0 5 

4 

[00 1 6] aits, 7&m<DWMjffifDmi&teim 
ft, ws»^«*w**i-sftjs;igrc*s. wstsamai 
^£$1 ( 1 ) b, m«TSK - 1 0 sa»ia^ss«©^ 

L.fcJ(tKK, Wiftfife*-* (2) #6j£« 
(6) Kiww. ?aetftffls (3) r\ &%flh*3(c 
31® s n -s ^jitsK * l , fiJs,ss* 3 H'T^©?aiffi tc 
ft^«jc. MM^«osanffitf-«MS-r&. (7) 

©Ml** ( 9 ) -C#6M4±Mf b 

K ~ y ^SMtfliiftT-fcfStelt F*3 (c«*& L , H«c J; 0 

0, mmn (10) jcosFttisn*. pmsn^^fi 

3 < ft V) . *«jME*Ttf * * »SH§*K:* * < ft S . 
[0017] »J^:WTftRtt#*©t§^ si^-rsnjtB 

[0018] 

[H»J 1 ] SSMafiic J: (3 , Wtt- y f>501 
S%. ^?-U>23®S%, Tf'JO-HV^Oil 
%, N-7x-Jl7l/-f5K6. 9 3il%, 1, 6- 

^f>y^^7i;i;[/-io. 0 7Sfi%*>6ft 
©ifiT-K^tLt, HCFC 1 4 2 b£6 0 °C(CT 2 4 B$ 
>^tS3ie^4 I ©H C F C 1 4 2 b ©$W«B, 1 0 . 

[0019] c ©UfaeSfbe^ y 1 o 

o mmmctt u , j^^^? ^"^ >- a * 2 mmm^-m^ l 
tcmmn-z. m 1 icM^Ltcffimmmmwvmw* •> 

'■<-lc&.Al,. Zi"J a-icj;f], 8 0 (g/^)©jS 
St, *6^Dfe, ififfiffitcfettsHMftSK^l 5 0"C 

momms-tmcisi-t zmmmmts 350 (m/^) 

[0 0 2 0] SFHOfcfc, Sltafg^^ 3 1 fg©^ffit5T- 

8 0 ( g /^) -r-pmsnfc, ifi?sta^B. iRtfu 

»iWOHCFC14 2blii, 10. 0%X'$> 

(Dmmm<Dnmm 6 tift * o fc„ 

[0 0 2 1] 

[H»J2 ] $fi%9Pec4itt«jRRaR« 1 8 o-ci-rs 



C4) 



ftm¥ 8-217905 



8 0 -C3> 

wit 



mm, mmm i ^acc lt. 

SfiWOHCFCl 42bl(i 1 9. 8%X'$>K), §Z 
[0 0 2 2 ] 

f fc bf - >; f 1 " >SHf IIS^S: <"< > £ >(c 6 0 °C , 2 4 B#Rfl io 

sai/fc. f# 6ftfc£ftbr~ y ^jRBfiBaH&tttfrf-* 

©■^V^XD^fiB, 9. 5H%T*-3fc. C©i& 

[0023] mmn&h<D$m%L^-<D§mmm£. 8 0 

i^fc 0 ^tae^-tf:cD^> ^ >Mti, 9. 4%rab 
[0 0 2 4 ] 

[ tmm 1 ] ^rattffiut ttf tot, > * 5 . 9% 

^(D^miL^commmmt. 30 (g/#) i^s<. 
fc„ ^fc. ^tt-?ttJ©^3?>fi». 1. 2%r*o, 

[0 0 2 5 ] 

[ JtlSW 2 ] ft&t£ttflltfrf ilt, :/ * > * 5 . 9% 30 



gfc. ^jPJttJO^^^SB, 0. 7%-C*«3, IS 
[0 0 2 6] 

[ it «w 3 ] nmmmiLT- iit, fltf b k - y 7 s > * 
itu-ct^s, »»tttt<btr- (expan 

C E L - 4 6 1 DU©^, H*? -f 7 htfSS^tfc 

[0027] sptHP3&>^©«?Btt-T<DSffflauaft*. 2 0 

[0 0 2 8] 

»fl|aps<0»}»tt^ i 3 ft * , ±*I*^©JI* 

[an *^©»ffi7^ffi^a^sfcto(c. mmtm 

Writ 5 -? * £ . 

1 *M5£*fcHJ6£« 

2 iS^14^-X (5 0mm*, 1 5 0 0mmL) 

3 SSftfeffiS 

4 SatfcttJiffi 

5 Xi"J-> (2 0 0^ 

6 (2 0'j7 hJlO 

7 JDRf4# ( 1 y ? Y>\>) 

8 EKsiiiarag 

9 X^ija- 

1 0 mmn 



mi] 



\ 




